Intracellular Substance with some Amyloid
Staining Affinities in Pancreatic Acinar Cells of a Cat with Amyloidosis KENNETH H. JOHNSON, CARL A. OSBORNE and DONALD M. BARNES Amyloid is usually deposited extracellularly with extravascular and extrafibrillar orientation7. It is thus located in space normally occupied by the ground substance of connective tissue. However, S C H W A R T Z~~ in an investigation of amyloidosis in aged human patients described intracellular deposits of amyloid or amyloid-like substance in Alzheimer cells (ix., neurons) and in epithelial elements of the choroid plexus. Several recent investigations based on the electron microscopic demonstration of intracellular amyloid fibrils49 10,189 23 have also suggested intracellular synthesis of amyloid by a variety of cells.
The following study of amyloidosis in a cat describes the presence of a substance with some staining characteristics typical of amyloid in pancreatic acinar cells.
Materials and Methods
Clinical Description A 16-y-old spayed, female domestic shorthaired cat died following 2 d of dyspnea associated with a diaphragmatic hernia. The owner indicated that the cat had doubled or tripled its consumption of water during the 2 months prior to death and had been anorectic and severely depressed with vomition for a week preceding death. It was necropsied 4 h after death.
Light and Electron Microscopy
Portions of adrenal, brain, kidney, liver, lung, myocardium, pancreas, spleen, stomach, thyroid, and parathyroid were fixed in 10% neutral buffered formalin, dehydrated, embedded in paraffin, sectioned, and stained. The following stains were used : hematoxylin and eosin, crystal violet, periodic acid-Schiff (PAS), Bennhold's Congo red, alkaline Congo red of Puchtler21, toluidine blue, Giemsa, and thioflavine TO. Sections stained with Congo red were examined for birefringence with the polarizing microscope. Sections stained with thioflavine T were investigated for the presence of fluorescence using ultraviolet light.
Portions of formalin-fixed pancreas were post-fixed in phosphate-buffered 2% glutaraldehyde (pH 7.2) for 2 h and in phosphate-buffered 1% osmium tetroxide (pH 7.2) for 1 h. These tissues were dehydrated in a graded series of ethanols and passed through toluene before being embedded in Maraglas mixture C. Thin sections were cut with glass knives, picked up on uncoated copper grids, stained with saturated uranyl acetate and lead citrate, and examined at 50 kv with a RCA EMU-3F electron microscope.
Results

Gross Findings
Approximately half of the liver was displaced into the pleural cavity through a 2-cm rent in the diaphragm. The left lung was severely congested as a result of compression by the liver. The pleural cavity contained a moderate quantity of serofibrinous fluid. The liver (178 gm) was smaller than normal and had mottled red and yellow areas on its capsular surface. The spleen (101 gm) was markedly enlarged; its capsular surface had a reddish-white mottled appearance. There were numerous small, white dome-shaped projections (2mm ~2 m m x 2 m m ) in the gastric mucosa. The pancreas was enlarged (2 cm diameter) and mottled grey-white on cut-section. 
Histopathology
The liver and spleen had extensive accumulations of neoplastic cells with metachromatic cytoplasmic granules. The spleen was most severely involved and except for a few residual areas of white pulp was almost totally replaced by such cells. In the liver metachromatic cells were distributed as clusters throughout the sinusoids and as occlusive cellular aggregates within lymph vessels of the portal triads ( Fig. 1) .
The pancreas, when stained with hematoxylin and eosin, had an amorphous hyaline substance ( Fig. 2) distributed irregularly in the interstitium and totally or partially replacing the islets of Langerhans. This extracellular substance appeared consistent with deposits of amyloid since it was metachromatic with crystal violet, stained with Bennhold's Congo red and with the alkaline Congo red method of Puchtler, and stained moderately with the PAS reagent. These deposits when stained with Congo red had a green birefringence with polarized light and when stained with thioflavine T had a lime-green to blue fluorescence with ultraviolet lights.
In addition to the extracellular deposits of hyaline substance, acinar cells of some pancreatic lobules contained prominent cytoplasmic accumulations of a uniformly eosinophilic substance ( Fig. 3,   4 ). This substance was usually infranuclear, replacing the normal basophilia of this region, and was easily differentiated from the few remaining zymogenic granules which were more intensely eosinophilic and concentrated at the very apex of the cell (Fig. 4) . The nuclei of affected cells often were in abnormal positions near the apex of the cells. Although these atypical acinar cells often replaced complete lobules in their 2-dimensional aspect, the same cells sometimes occurred in small clusters within lobules. The eosinophilic intracytoplasmic substance was metachromatic with crystal violet and moderately PAS-positive, and fluoresced lime-green to blue under ultraviolet light after staining with thioflavine T, but did not stain with Congo red.
Amyloid was demonstrable only in the pancreas.
Electron lClicroscopy
Only formalin-fixed pancreas was available for electron microscopy. The intracellular accumulations of hyaline substance observed by light microscopy were represented ultrastructurally by extensively dilated ergastoplasmic cisternae that contained finely granular and amorphous material. Fibrils suggestive of amyloid were lacking in these cells, but there were typical amyloid fibrils in extracellular amyloid deposits (Fig. 5 ). These fibrils were closely associated with granules and numerous irregularly shaped vesicles that were interpreted as cytoplasmic constituents of nonviable cells. 
Discussion
The morphologic findings described in this report focus attention on unusual cytoplasmic changes in pancreatic acinar cells and classical extracellular amyloid in the same pancreas. Exploration of a possible relationship between these lesions was stimulated because of morphologic similarities of the intracellular substance and extracellular amyloid when stained with H&E, and recent evidence supporting the hypothesis that amyloid represent a locally formed substance produced by a variety of cell-types.
The exact chemical nature of amyloid is incompletely understood and it is not universally agreed whether amyloid be formed by cells at its site of accumulation or be transported there after systemic origin, or both. Evidence supporting the hypothesis that amyloid represent a locally formed substance has, however, accumulated in recent years4. The cell-type most commonly incriminated in local production of amyloid is a pyroninophilic lymphoreticular cell28-32, but several other cell-types have also been implicated. These cells include fibroblasts25,27, glomerular mesangial cells26, glomerular epithelial cells10, 19, endothelial cellsl5, hepatocytes37 33, ICupffer cells57 10, 22, cells of thyroid car-cinoma2, 18, and plasma cells in transmissible plasma-cell tumors17.
The criteria which define amyloid are not absolute, but the several staining techniques used in this study are generally recognized to be selective or preferential, if not specific, for amyloidg, 111 16, 21. The intracellular substance described in this report reacted similarly to amyloid when stained with crystal violet, thioflavine T, and PAS, but did not stain or elicit green birefringence with Congo red. Selective staining of amyloid by Congo red appears dependent upon the fibrillar structure of amyloid and the orderly parallel arrangement the molecules of Congo red assume when bound lengthwise to the amyloid fibrilsll? 21. The negative reaction of the intracytoplasmic substance with Congo red and its positive reaction with crystal violet, thioflavine T, and PAS, might be considered consistent with a nonfibrillar amyloid precursor. It has been suggested by several investigators that the formation of amyloid fibrils depends on a shift of preamyloid material from an intracellular to an extracellular environ-mentl2, Z2.
Similar staining reactions of the intracelluhr substance in acinar cells and the extracellular amyloid does not constitute proof that these changes be related. They may be unrelated, The lack of a close topographical association does not support a relationshp of the 2 lesions. However, when areas of classical extracellular amyloid were examined ultrastructurally, typical amyloid fibrils were consistently associated with numerous irregular vesicles and granules presumably representing membranous cellular debris. The possibility exists that the classical amyloid deposits represent a progression of earlier dystrophic acinar cell changes.
A review of the literature revealed only 3 previous reports83 133 20 of amyloidosis in the cat, although JUBB and I<ENNEDY~~ indicate that amyloidosis restricted to the pancreatic islets is occasionally observed in cats*.
The neoplastic cells with metachromatic granules in the liver and spleen are indicative of a malignant basophilic myelogenous tumor. Whether the cat had a concomitant leukemia was not investigated. Any role of the tumor in the pathogenesis of the amyloidosis is not known. Amyloidosis has been experimentally induced with transplantable neoplasms in micel7. It has also been reported in association with spontaneous neoplasmsl.
The clinical signs and pancreatic islet lesions were consistent with diabetes mellitus. Because the cat died as the result of a diaphragmatic hernia shortly after admittance to the clinic, samples of blood and urine for determination of glucose could not be obtained to substantiate a clinical diagnosis of diabetes mellitus.
Szammary
Pancreatic amyloidosis and basophilic myelogenous sarcoma were diagnosed in a 16-year-old, spayed female domestic shorthaired cat.
This report focuses attention on unusual cytoplasmic changes in pancreatic acinar cells possibly related to extracellular amyloid. The intracellular substance in acinar cells reacted similarly to extracellular amyloid when stained with crystal violet, thioflavine T, and PAS but did not stain or elicit green birefringence with Congo red. The intracytoplasmic material in acinar cells may represent a nonfibrillar amyloid precursor.
Amyloid was demonstrable only in the pancreas. 
